Abstract
Introduction
Effect of heavy metals (HM) on a human is carried out in the natural circulation in the biosphere under conditions of environmental and plant pollution (air, water, soil) and plants. Even herbal medicines are contaminated by impurities of HM by an average of 27% [1] . Environmental degradation arises from the anthropogenic factors: the widespread use of HM compounds in chemical engineering, metallurgy, electronics, nuclear energy, mechanical engineering, it leads to the expansion of production of industrial and consumer products containing various HM [2] . Environmental problems cause contamination of food. An additional source of intoxication is a production environment for those who are involved in the processing or use of HM compounds [2] .
The problem of HM enrichment is solved with the help of decontamination protocols based on the principles of: termination of toxic poisoning of a body, of support of detoxification organs and drainage, of stimulating the elimination of toxins, of the increase of susceptibility of patients to detoxification [3] [4] . General support of regulation and detoxification requires the presence of cofactors (minerals, vitamins, amino acids). The means of the basic protocol include drugs that support the liver and kidneys, as well as tissue drainage through the lymphatic system. The supported protocol ensures the activation of the detoxification organs. The release of a body from HM is carried out by increasing of natural physiological processes (vomiting, gastric lavage, intestinal cleansing, forced diuresis, hyperventilation), artificial detoxification (hemodialysis, peritoneal dialysis, hemosorbtion, blood transfusions), by the method of antidote therapy [5] .
When poisoning antidotes gradually connect HM cations entering the body and forming complexes with enzymes, some antidotes are specific to a particular HM, so for their rational application it is necessary to know what HM caused the poisoning. If you select a wrong antidote or if it will be overdose poisoning of an antidote can be, so the data of clinical and laboratory research of a HM, which is in a body, are important for the proper selection and application of an antidote.
The requirements for antidotes are reduced to the following rules [6] :
• Antidotes form strong compounds with HM to take away the active center of enzymes and to get out from a body; antidotes with 5-6-membered rings, which can form coordination compounds (CC) with metals and which have several electron-donating groups, preferably chromophores providing strong, practically complete compound of TM, satisfy this requirement;
• The ability of antidotes and their CC with HM to pass through a cell membrane, for which they should be electrically neutral or bear a small charge to dissolve in the lipid membranes;
• Nontoxicity of antidotes and CC with HM formed by them;
• Selective compound of HM and biogenic metals (BM) by antidotes due to various stability of formed CC: formed CC must be more stable with HM than with BM to avoid the elimination BM from biological systems. 2) The antidotes containing sulfhydryl (mercapto), and easily forming with HM-soluble compounds [7] [12] [13] : unitiol, suktsimer, penicillamine, sodium thiosulfate.
Advantages: a wide spectrum of detoxication action for a number of HM (Hg, Bi, Cu, Au, Ni, Cr, Ag, Pb, Cd), even bound with enzymes; high CC durability with HM (lg β 14.0 -19.0); rapid renal elimination.
Disadvantages: forming with BM (Zn, Fe) very durable compounds (lg β 5.0 -11.0), the consequences of which are similar to those complexes described above.
3) The antidotes absorbed HM [7] carbopekt (a mixture of activated carbon and citrus pectin), the mixture of vaul and sodium alginate with a cation or polyantimonin, plant gatherings, containing polysaccharides, flavonoids (kidney tea, walnuts, Siberian stone pine, ginseng).
Advantages: formation of durable compounds with HM.
Disadvantages: formation of durable compounds with BM.
6) Pectins occupy a special position because of the specific structural and physicochemical properties [6] [20]- [25] :
• in their molecules there are more coordinating groups (carboxyl, hydroxyl groups, the glycosidic bond, oxygen atom of the pyranose cycle) than it is required for the binding of HM, which can select the group to form a more durable CC; • the tendency to the formation of CC less than conventional chelators have, (and, consequently, the durability of products) due to the rigidity of the circuit, limiting the freedom of its bending and twisting;
• solubility or insolubility of formed by pectins CC with metals depends on the degree of polymerization and the concentration of pectin, therefore, pectins can act in a gastrointestinal tract and in body fluids.
The consequence of these features is that the lg β of CC of BM with pectins The detoxication action of pectin enhances by their adsorption, hepatoprotective and water retaining properties. Pectin is practically non-toxic and biologically compatible with a human body [6] .
Despite of the study of the structure of such CC as pectinates of metals (PM) [6] , there is the problematic question of the composition of intracoordination water which can have an effect on solubility, bioavailability of PM and therapeutic dose of pectins as an antidote. In PM produced in aqueous reaction medium [26] water molecules may be contained in the inner or the outer sphere of CC or be capillary bound (adsorbed) [27] . As far as pectins play the role of chelating in HM binding, regardless of the presence or absence of water molecules, determining of intracoordination water composition is of interest from the viewpoint of calculation of pectin dose-reagents which bound HM. Ignoring the composition of water molecules in any CC may lead to diminishment of doses of an antidote which is in the lack in regard to HM.
To determine water in PM there are analytical methods: polarography [28] and IR spectroscopy [29] [30] . However, their use does not allow to quantitatively determine the water composition and to set its presence or differentiate its position CC composition. Dehydration of PM (10 −5 mm of mercury, 185˚С) [30] contributes to the loss of the adsorption and coordination water, and the subsequent processing of CC by water does not allow to objectively evaluate the water molecules participation in the formation of PM. In addition, the use of these methods is limited by the interfering effect of other structural components in CC.
The durability of bonds depends on the position of water molecules: the most durable bond is connection of the water molecules with metal ions in the inner sphere of CC, less solid-connection of water molecules in the outer sphere of CC, the weakest-connection of the adsorption water. [28] In this regard, one can assume ratio of bond durability with the temperature of their abruption.
Determination of these temperatures and the corresponding mass loss, which forms the basis of the method of thermogravimetry, prompted us to apply this method to determine the position of water as part of CC and the determination of its quantitative composition. 
Experimental Part
The object of the study is a beet pectin (satisfying the requirements of short-term certified pharmacopeial description 42-3433-99 "Pectin") with an average molar mass of 3200 kg/mol and a dissociation constant in water 3. 
Results and Its Discussion
Analysis of the composition PCu 2+ . Comparative analysis of pectin thermograms (Figure 1 ), АCu 2+ ( Figure 2 ) and PCu 2+ (Figure 3 ) shows significant differences in thermal effects, the nature of which is indicated in Table 1 . Of all the substances only PCu 2+ is characterized by the endpoint in an acidic media having pH significantly below pH and pectin and АCu 2+ . The obtained data suggest that occurring of acidic PCu 2+ properties when dealing with alkali, and it is possible only due to water molecules, the acidic properties of which are increased as a result of coordination with ions of Cu 2+ .
Thus, determination of "high-temperature" component (150˚C -165˚C) in PCu 2+ and demonstration of its acidic properties (pH 4.87) proves the existence of water molecules in the internal sphere of PCu 2+ and it is not typical for reagents.
The calculated according TGA amount of water removed from the decomposed substances are given in Table 2 .
Unlike pectin ( Figure 6 ) and АCu 2+ (Figure 7 ), on TGA of PCu 2+ (Figure 8 (Table 3) As follows from TGA the presence of intracoordination water is not observed neither for pectin ( The relative error of determining is 3.1% -4.8%.
Conclusion
The presence of intarcoordination water in the composition of PCu 2+ and PPb The results are needed to determine the minimum and therapeutic doses of pectins, as an antidote for poisoning compounds of Cu 2+ and Pb 2+ .
